The last universal ancestor (LUA) represents a relatively accessible theoretical intermediary between extant cellular organisms and early, precellular 'life'. In a previous study, the expectation-maximization (EM) approach was used to infer ancestral amino acid frequencies, where in each iteration expected counts were derived from posterior distributions at each site. Applying this approach to estimate the amino acid composition of 65 proteins in the LUA showed that composition was more similar to that of extant thermophiles than mesophiles. This chapter examines whether the previous result is robust with respect to the OGT of the taxa used to infer the amino acid composition of proteins in the LUA. It is shown that even if only mesophilic species are used to derive the estimated ancestral amino acid composition, that composition is most similar to that of thermophiles, as measured by Euclidean distance. The relative mean Euclidean distance between the amino acid composition in any one species and that of a set of mesophiles or thermophiles can be used unequivocally to classify it. Thus, the inferred amino acid composition in the LUA allows its classification as a thermophile.
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This chapter presents a new approach to functional divergence analysis with the combination of ancestral sequence inference, using the family of animal G-protein subunits as an example. Using the method, the evolutionary trends of two types of functional divergence of amino acid residues after gene duplication are traced. These pieces of evolutionary information are useful for making testable hypotheses about functional divergence between protein subfamilies, such as subtypes of G-protein subunits, which can be verified by further experimentation. The goal of ancestral inference is to have as accurate a picture of ancestral function as possible. Thus, it is worthwhile to try to understand the nature and cause of the sequence and functional bias, and how to overcome this bias. This chapter argues that the bias inherent in in the choice to reconstruct the ancestral sequence with the highest posterior probability, along with the optimization bias due to site-specific model inaccuracy, may have biased the frequencies with which certain amino acids are inferred. Amino acids that tend to have consistently low posterior probabilities are most probably undersampled. A simple strategy to address amino acid sampling bias when reconstructing ancestral proteins in the laboratory is discussed. A probabilistic sequence (PS) is a sequence in which each position instead of having a single character (amino acid, nucleotide, or codon), has a vector describing the probability of each symbol being the character at that position. A probabilistic ancestral sequence (PAS) is a reconstructed PS for the common ancestor of several sequences. This chapter presents a formalism to compute the probabilities of each character at each position of the biological sequence for the internal nodes in a given phylogenetic tree using a Markov model of evolution. From this model, the probability of an evolutionary configuration can be computed. In addition, efficient algorithms for computing the likelihood score of aligning a character with a character, a character with a probabilistic character, or two probabilistic characters are derived. These scores can then be used in direct string matching or dynamic programming alignments of probabilistic sequences with insertions and deletions. Applications for these alignments, including long-distance homology searching and multiple sequence alignment construction, are shown. This chapter focuses on the role of building-block molecules or monomers on the emergence of life. It describes the prebiotic synthesis of amino acids, sugars, purines, and pyrimidines under conditions relevant to the prebiotic Earth. The formation of amino acids and hydroxy acids was the outcome of a particular set of organic chemical reactions called Strecker-like synthesis that involved aqueous phase interactions among highly reactive intermediates. The results demonstrate that both the amino acids and the hydroxy acids can be synthesized in a simulated primitive ocean even in highly diluted concentrations of hydrogen cyanide (HCN) and aldehyde. The synthesis of sugar-base nucleosides is difficult to achieve under truly prebiotic conditions. Thus, ribosecontaining nucleosides are unlikely to have been components of the earliest prebiotic informational macromolecules.
Models

Formation of the Building Blocks of Life
From Building Blocks to the Polymers of Life This chapter offers an origin-of-life scenario that requires the prebiotic synthesis of biopolymers. Scientists suggest that that RNA was the most important biopolymer in early (but not necessarily the first) life on Earth. In this chapter, the possible steps in prebiotic RNA synthesis are examined. Of the various routes thus far explored, RNA synthesis by polymerization of activated monomers has proved the most successful. The chapter also describes the prebiotic synthesis of amino acid polymers or polypeptides. The most productive route to the prebiotic formation of polypeptides in aqueous solution is by means of the Ncarboxyanhydride derivatives of their component amino acids. This concluding chapter discusses the various issues raised in the course of the book and suggests a way forward for readers attempting ancestral sequence reconstruction. Ancestral sequence reconstruction can be used for testing general hypotheses about the environment and lifestyles of extinct species, general hypotheses about the processes driving gene and genome evolution, specific hypotheses about the evolution of gene function in individual gene families, and ultimately the it can be used for the generation of an understanding of the mapping between sequence (and substitution) to molecular function. A consideration of alternative phylogenetic tree topologies and their effects on ancestral sequence reconstruction is recommended. For smaller data-sets, integrated methods that combine multiple sequence alignment and phylogenetic tree construction in one step are slow, but may provide a better assessment of homology and the evolutionary history of any given amino acid position. Readers may also consider starting with precalculated gene families that already contain multiple sequence alignments and phylogenetic trees for families of interest. Such families can be modified with detailed knowledge and expanded to include new sequences, as available and desired.
Models of amino acid and codon substitution
Empirical and semi-empirical models of codon evolution This chapter first describes the empirical codon model presented by Schneider et al. in 2005, demonstrating its advantages over amino acid models for aligning coding sequences. It then outlines two models, proposed in 2007, that introduce parameters to empirical models in order to combine the advantages of empirical and parametric models. DoronFaigenboim and Pupko (2007) presented a 'combined empirical and mechanistic' model of codon evolution in which empirical transition rates between amino acids formed the basis for a parametric codon model.
Another version of a combination of empirical and parametric model was presented by Kosiol et al. (2007) . The empirical codon matrix that is the basis for their model was derived by directly estimating a rate matrix using an expectation maximization algorithm from a set of multiple sequence alignments and trees. The chapter concludes with a study that used unsupervised learning to determine the relevant parameters in a codon model. Chapter 1 reviews basic principles of protein structure-the nature of proteins as polymers of amino acids, the variety of amino acids, and the way in which the physicochemical properties of amino acid side chains influence the folding of a polymer into a three-dimensional protein with specific functional properties. Whereas the main chain polypeptide is linked together by covalent bonds, the three-dimensional structure of native state proteins is mainly stabilized by a multitude of noncovalent, weakly polar interactions. After securing the base camp with this brief overview of protein structure, the subsequent chapters explore the functional properties of hemoglobin, the biophysical mechanisms underlying such properties, and the physiological role of hemoglobin in respiratory gas transport. Low complexity sequences including single amino acid repeats are the most commonly shared peptide sequences between Eukaryotes. These sequences are known to have a mutation rate magnitude greater than single nucleotide mutations, mostly due to the action of replication slippage. Simple sequences are often considered to evolve neutrally or under relaxed selective constraints, and numerous studies support these conclusions as low complexity sequences tend to aggregate within regions with low selective pressure. However, there is increasing evidence for the action of selection driving their evolution as the variation in size of some of the simple sequences is responsible for genetic disorders and for morphological and physiological variation. The rapid evolution of low complexity sequences is not limited to the sequences of low information content but also extends to their flanking sequences in which increased polymorphism within species and divergence between species are found that can result from a mutagenic effect of low complexity sequences. Codon-based models of evolution are a relatively new addition to the toolkit of computational biologists, and in recent years remarkable progress has been made in this area. The study of evolution at the codon level captures information contained in both amino acid and synonymous DNA substitutions. By combining these two types of information, codon analyses are more powerful than those of either amino acid or DNA evolution alone. This is a clear benefit for most evolutionary analyses, including phylogenetic reconstruction, detection of selection, ancestral sequence reconstruction, and alignment of coding DNA. Despite the theoretical advantages of codon-based models, their relative complexity delayed their widespread use. Only in recent years, when large-scale sequencing projects produced sufficient genomic data and computational power increased, did their usage become more common. This book provides the latest insights from codon-based analyses of genetic sequences. The first part of the book provides comprehensive coverage of the developments of various types of codon-substitution models such as parametric and empirical models used in maximum likelihood as well as Bayesian frameworks. Subsequent chapters examine the use of codon models to infer selection and other applications of codon models to biological systems. The second part of the book focuses on codon usage bias. Both the underlying mechanisms as well as current methods to analyse codon usage bias are presented.
